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Assessment of Energy Efficiency of In-situ Thermal Desorption: Creation and Application. FAN Ting-ting'>, JIN
De-cheng'? | LIU Peng®, WANG Xiang', ZHAO Yuan-chao'?, DENG Shao-po'?, ZHANG Sheng-tian'”*, LIU Ze-
quan®, WAN ]in—zhong]’zy\yr’ (1. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing
210042, China; 2. State Environmental Protection Key Laboratory of Soil Environmental Management and Pollution Con-
trol, Nanjing 210042, China; 3. BCEC Environmental Remediation Co. Ltd., Beijing 100015, China; 4. School of
Energy and Environment, Southeast University, Nanjing 210009, China)

Abstract: With the development of industrialization, soil environmental safety has become a serious matter in China. In-
situ thermal desorption technology (ISTD) is one of the technologies with high remediation efficiency in short-term period.
However, the high energy consumption and high cost become the " bottleneck" for its wide application. Currently, there is
no unified quantitative method for evaluating the energy efficiency of in-situ thermal desorption, both home and abroad. To
address this issue, energy efficiency evaluation method based on pollutants and energy efficiency evaluation method based
on polluted soil/ water volume were developed on the bases of the principle of in-situ thermal desorption and energy con-
sumption calculation model of in-situ thermal desorption, as well as the characteristics of organic pollution sites in China.
The applicability of these methods was explored through an engineering project involving in-situ thermal desorption and
coupled chemical oxidation technology in North China. Based on the energy consumption analysis of the technology recep-
tors (including coupled chemical oxidation technology) , it was found that the energy consumption of in-situ thermal de-
sorption applied to soil and water heating accounted for 61. 80% to 74. 43% of the total energy consumption, while the en-
ergy consumption applied to pollutants only accounted for 2. 11% to 17. 57%. To account for the uncertainty in the energy

consumption analysis of thermal desorption technology and the calculation of pollutant amount, it is believed that using the
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volume energy efficiency evaluation method is more meaningful for in-situ thermal desorption technology. The results of the

pollutant soil-water volume energy efficiency evaluation indicate that the energy efficiency of the coupled zone is 7. 91x107

m’ - k],

while that of the thermal desorption zone is 1.06x 107 m’ -

kJ™'. After coupling chemical oxidation

technology, the energy efficiency of in-situ thermal desorption technology is increased by about 6.5 times.

Key words: in-situ thermal desorption (ISTD) ; remediation; energy efficiency assessment; coupling chemical oxidation
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Table 1 Thermal properties of contaminants
B gy BERGLWOTE . RGO, EER Gk
k5 60 °C 40°cC | F 60 °C 0°C |7 60°C 40 <C
1 NET 163.43  165.90 || 10 1,1,1-=% %% 225.34  231.69 || 19 1,1-—HZK 270.55  282.00
2 Hokm 275.25  295.36 || 11 PU&ALRE 195.95  201.10 || 20 1,1-—% 2% 292.80  302.17
3 MWi-1,2-"& K 303.34  312.23 || 12 % 405.71  418.82 || 21 1,2,3-=& N 289.78  295.88
4 1,2-"HTk 343.68  343.68 || 13 &% 341.73  348.87 || 22 1,3-— &Nk 332.80  340.64
5 =HKE 244.37  250.45 || 14 1,2-—5HNkE 206.74  304.12 || 23 1,1,1,2-PU ke 223.30 228.05
6 1,1 2-=%82% 282.48  289.03 || 15 &k 313.09  323.72 || 24 2,3-"H Nk 290.59  297.64
7 WRAZK 224.40  229.23 || 16 Ju-1,2-"4 2 271.63  280.69 || 25 1,1- SR 288.36  296. 1
8 1,1,2,2-PU& 2%  257.89  263.14 | 17 1,2-"RZ%% 214.13  218.53 || 26 /K 2361.78 2407.51
9 =FH kL 246.18  253.43 || 18 H Lk 342.22  359.27
xR2 BERIETLER
Table 2 Soil pollution in area treated with thermal desorption coupled with chemical oxidation
X k = o -4 T BEXH | XE = o S $4] T BEXk
e e LR T T
1 1 = B 2.70 0.22 110 2 1 = 4.60 7.5 67
1 2 = H B 187.12 0.22 110 2 2 =R 0.08 7.5 67
2 1 =AM 0.51 0.22 67 1 1 1,1,2-=5 ki 1.82 0.5 110
2 2 = T B 0.12 0.22 67 1 2 1,1,2-= % 2.14 0.5 110
1 1 A 0.63 0.25 110 2 1 1,1,2-=5 % 2.21 0.5 67
1 2 AL 2.67 0.25 110 2 2 1,1,2-=5 Lkt 1.13 0.5 67
2 1 AL 0.85 0.25 67 1 1 P 20. 90 4.6 110
2 2 AN 4.31 0.25 67 1 2 P A 26.35 4.6 110
1 1 Wi-1,2-—5 M 2522 43 110 2 1 VIS 20 20. 89 4.6 67
1 2 Mi-1,2-—5 0  45.93 43 110 2 2 MU 2 0.47 4.6 67
2 1 Wi-1,2-"42%  25.69 43 67 1 1 1,1,2,2-U 2k 37.55 1.6 110
2 2 Wi-1,2-"4 2%  15.36 43 67 1 2 1,1,2,2-UE ke 16.92 1.6 110
1 1 1,2- "Rk 1.18 3.1 110 2 1 1,1,2,2-PU5 2% 1.34 1.6 67
1 2 1,2-— 5k 15.24 3.1 110 2 2 1,1,2,2-UE %% 1.86 1.6 67
2 1 1,2-" 5k 3.26 3.1 67 1 1 NAT 8. 44 8.9 110
2 2 1,2-— 5k 3. 40 3.1 67 1 2 RNAT W 6. 42 8.9 110
1 1 =R 20. 54 7.5 110 2 1 NAT 9.65 8.9 67
1 2 = I 39. 47 7.5 110 2 2 NAT I 3.08 8.9 67
T2 1R 2 BERES Ny 6.5 F18 m, PR EERN H AR EE A mg - kg™
Fx3 MARMTKSTEER
Table 3 Groundwater pollution in area treated with thermal desorption coupled with chemical oxidation
P22 a5 AT IX 12 720 KA IX
1 = b 151 450 300 110 2 1,2-—5 L% 113 40 67
1 —EH I 32292 210 110 2 —E I 582 210 67
1 P A 2992 40 110 2 1,1,2-=5 ke 30 60 67
1 1,1,2,2-PU L% 3 063 2 110 2 PR A 190 40 67
2 =AWk 773 300 67 2 1,1,2,2-E k% 38 2 67
2 AL 1252 90 67 2 NAT 175 — 67
2 Mi-1,2- "5 LK 1243 70 67
BEWESN 13.5 m, FEREM BFRRE RN g - L' “—"Fon o8,
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Table 4 Soil pollution of TCH-2 in area treated with only thermal desorption
+2/ . iy HEbs || L2/ s -3 Hir || L2/ s T Hiw
m T I wen el e | R XE R
2~4 EHEE 34.2 7.5 || >6~8 L 1.2 0.25 1,1,2,2-UE 245 12.8 1.6
VY 20 9.1 4.6 ZHEM 31.3  0.64 =& P 13.3  0.22
1,1,2,2-P0%E 2% 1.9 1.6 f-1,2-"% 2% 57.7 150 >8~10 1,2-"4 2% 4.6 3.1
RAT W 49.3 8.9 Wi-1,2-—5R2ZH% 723.2 43 >10~12 1,2-"5 2k 2.9 3.1
>4~6 K 86. 8 0. 64 RS 4.8 2 =RALK 87.1 1.5
X 81.5 7.5 1,2- "5 ke 21.8 3.1 1,1,2- =%kt 2.8 0.5
1,1,2-=& Lk 1.0 0.5 =& 1767.4 1.5 1,1,2,2-lUHZ%E 4.6 1.6
=AM 3.6 0.22 1,1,2-=5 % 1.9 0.5 VU5 2 I 7.5 4.6
Mi-1,2-—520% 146.7 43 TS 20 238.4 4.6 =AY 36.5  0.22

BEERE N 2 m, FHWEN AR AN mg - kg™'y 1J2 2~4 >4~6.>6~8 >8~10 FI>10~12 m AYEE X HemiF40 5 3 105. 8,

3 105.8.2 784.6.2 820.2 Fl 1 805.7 m?,

RS5 HEMEXARERS LETRERL

Table 5 Soil pollution of TCH-S5 in area treated with only thermal desorption

SR U7 S ol [ P S Bl (R U2 S oA

0~2 W 7.8  0.25 || >4~6 I 0.8 0.64 || >8~10 8.6 0.64
Wi-1,2-—42Z% 73.0 43 YR 2.2 0.25 1,2- &Nk 47.2 5
1,2- "5kt 4.1 3.1 1,2-—5 Lkt 7.7 3.1 H 1.0 0.25
=R 68.7 1.5 =R 145.0 7.5 Wi-1,2-—4 2%  108.0 43
1,1,2-=% 2% 1.1 0.5 1,1,2-=& 2k 2.7 0.5 =R 3321.0 7.5
MU 1068.2 4.6 & LA 17.5 4.6 1,1,2-=5 Lkt 161.0 0.5
1,1,2,2-M5& ke 7.7 1.6 1,1,2,2-H5E 2%t 60.0 1.6 P M 1397.7 4.6
=AM 26.8  0.22 NAT T 17.2 8.9 1,1,2,2-PU5E %% 85835 1.6

>2~4 HWW 2.5  0.25 =S P e 14.6  0.22 RNAT I 678.0 8.9
Wi-1,2-—5 LM 70.4 43 >6~8 IR 1.5 0.64 =AMk 3044.0 0.22
1,1,1-=8 LK 663.0 580 R 3.2 0.25 || >10~12 4z 41.5  0.64
Py Ak fik 2.7 2 Wi-1,2-—5 M 69.5 43 1,2- "5k 24.7 3.1
1,2-—5% ke 5.0 3.1 1,2-—F ke 5.9 3.1 AN 3.6 0.25
="K 181.5 7.5 =" 139.0 7.5 Wi-1,2- "4 2% 73.4 43
1,1,2-=5 ke 6.2 0.5 1,1,2-=5 ke 6.7 0.5 =R A 320.1 7.5
L 167.0 4.6 Ut 15.6 4.6 1,1,2-=5 % 15.6 0.5
1,1,2,2-E ke 336.2 1.6 1,1,2,2-W&EZkE 1340 1.6 1,1,2,2-NE ki 38.2 1.6
RNAT I 9.1 8.9 AR 122.0 41 =P 356.0  0.22
=AM 14.5 0.22 =R H b 68.9 0.22 | >12~1412-"F Tkt 48.5 3.1

RGN 2 m, FEREA BARIRE NI N mg - kg™, )2 0~2.>2~4,>4~6,>6~8.>8~10,>10~12 FI>12~ 14 m AYIER XHEH

39k 2 391.4 3 105. 8.3 806. 6.2 784. 6.2 820. 2.1 805. 7 1268. 1 m?,

HRAE (1), Z 50l 153 R0 B B XRS5 X
T YL REAL, A5 AR LR 8, b A B X R DX Y
YIBERL A 8. 81x107 kg - k)", MiHEA XI5 Y M e sk
S 2.08x1077 kg + kJ™, FAEBRF X R DX RE R TR
HIX,
3.2 BRI KERESIEMER

5 RS BB AR A P i 3 3 0 % 1
FHL T A BN T A2 1 75 2 P 1) it WD R 45, 263
P2 5 — PP RERTAT 8 A ——AR BLRB RS-, BRIV
FERANT BB ] B 5 05 e + e sk R K B9 AR AR

RIE(6) , 25H b iE Y W) 2 (8] 43 A 1 B, X%
Ty M A58 B %o R XRS5 DX 4 38 b 7K AR R 3
FPONEE 25 R I3 9, FAJBERAXT RE X A 3 R ih T oK
15 YR 9K 22 756 F1 6 336 m® 5 FEA X+ HE A
R K5 G AR A58 1720 F1789 m’,

FRAE 2 (4) TP R %o B X IR 2 [X A AR B
B ARG 9, Horp BB B X BE X AR B RE RN
1.06x107° m* « kJ™', MidH & XARFRERL R 7. 91 %
107 m® « kI A A DX RBRL R T HBEBR X BRIX
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Table 6 Groundwater pollution of TCH-S5 in area treated with only thermal desorption
3 Ve 7. A o > Ve A — N Ve A —
1l 300 % 20 654 120 1, 1-—& 2k 159 60
2 K 25.2 120 AL 472 90 R-1,2-"F K 32.3 148.5
1,2- ROk 6.90 1.71 1,1-— 50 113 60 1,1-—& ke 26.2 50
K[k 5802 90 f-1,2-"5 2% 10536 148.5 Wi-1,2-—R2ZHK 891 70
ALK 114 79.79 1,1-—& 2k 4275 50 1,2-—& k% 30.8 40
1,1-Z5 38.6 60 Mi-1,2-—52%% 26819 70 1,3- & Wk .20 0.17
R-1,2-"5 % 600 148.5 1,1,1-=52Fk 4450 4000 VU I 18.2 40
1, 1-—& 2k 163 50 1,2- &% 4371 40 1,1,1,2-Us 2% .20 0.22
Wi-1,2-—4 2% 6088 70 =Rk 52024 210 30 JBi-1,3-"5 A& 2.10  0.54
1,2- "5 ke 949 40 1,1,2-=5 % 10330 60 AL 391 0. 69
=R 10910 210 1,3- 5 Ake 1.67 0.17 1,1- "W 47.2 60
1,1,2-=52%k 1065 60 v 1751 40 Wi-1,2-—52.%% 246 70
vy 638 40 1,1,2,2-UE %% 28 872 2 1,2- 5k 104 40
1,1,2,2-PU5 2 %% 13 384 2 =R N 1804 300 1,3- 5Nk 7.20  0.17
1,2,3-=&M%k 20.5 4 %2 PO A 240 40
= A H b 29312 300 2 Ak 48.0 90

R IX BRI 3 200 m?®, PR EEA BRI BESAAI IR e - L' 5 2 F1 3 R TF /KB IREE 4251 4 Rl 2 m,

F7 BEMNBXIEESXEEHE
Table 7 Energy consumption of areas treated by only ther-
mal desorption and by thermal desorption coupled with

chemical oxidation

X 3k FHRLIF AR/ (KW - h) LR ISR/ %

FRBE R X HE X
M5 X

12 000 000 63. 60
138 488 63. 60

x8 HMEREMMBRMBERISTEWEIITNER
Table 8 The energy efficiency based on pollutants of areas
treated by only thermal desorption and by thermal desorp-

tion coupled with chemical oxidation

HRY R, AR

X ke Bit/kg e
T mrk tm mrk e

PR XTIRX 228 755 633 24 121 76 8. 81E-07
HaX 515 94 56 10 2. 08E-07

X, 05 Y MIResL.,
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Table 9 The evaluation of energy efficiency based on pol-
luted volume of areas treated by only thermal desorption

and by thermal desorption coupled with chemical oxidation

. CHRINAVERR TV N A VAns X,/
sk f E@S% (ﬁikﬁﬁ m 3 2 B
m’ + 1% iR K (m” - kJ™)
PUBBEXTREIX. 44800 22756 6336 1. 06E-06
HaX 2566.5 1720 789 7.91E-06

X, Jy G i G B RE BB S 7 e et T KA

3.3 SRS
MR AR S A7 BRI B 5 AR 19 8 1V FH LB, 49 Sl 3

SRR R o B ORI A X5 e R S R AR
JE A BB P T o RE R T, 25 R 3k 10, X F
FRE BT BE DK TR0, AR R FH 05 G i R it
SAERTHAERY 17. 57% , 1M - 7K i i 11 € 14 fiE =
f7 LI 61, 80%  XiF T4 DX, 5t Ao 4t B 47 1
TiE g ae RS BB THAER 2. 11%, 1 7K
T IEAE R BRI o LU R 74. 43% , R SC 3B 3k
B, A8 B Xof DX 95 e R B 24 AR A X 21 %, H
LR A D7 0 BT - AR ) i R T RE A2 V5 e i
AP NTE N TRCE T o LN A O A TR TE

Fx10 ARMMBRAOBEXESZENEERE
Table 10 Energy consumption of receptors in areas treated
by only thermal desorption and by thermal desorption cou-

pled with chemical oxidation

- AKX FRJIE AT X
- Belt/kl A% RER/K /%
RIHFERER 3. 17E+08 2.75E+10

FKImFRIEHE 2.36E+08  74.43

HE&E 1.70E+10  61.80
TEYYINATAERE R 6 694 559 2.11

4.83E+09 17.57

BEAb, BIUER A X R /K b =S el =5 2
-2 M 43 5 R 151,45 F132.29 mg - L7,
TR BT B Db T 7K i =S e A =3 S M
Py 43 o0 29. 31 Fi152. 02 mg - 17", ¥t &
THAK i B, LTzt P b m] BE A AE AR
KA BT ( DNAPL) , PRt , T35 B ) 1) RES800F- thr
T 2ARAG T Gy S g, DT AR AT HRE BAF R 9 g



- 1220- £ x5 &K N OB OE ¥ i

539 %

PRI, £ 5 7% 18 JASL AR I8 B 52 A 1) REFE 70 A7 A
159 5 R R AN E T TSN T I
TR R 52 A SR T 2 TR BURE R PR D7 05 A

B
4 #hig

B0 DS, R A 5 A ( BE LA A B 5 A Sy
FERREE AR, B T 3 TG e G Y oKk
T BERCEM 1 s 5 B8 3 DA P R R R i a2
PRI BEFE AT HIT 45 5 A5 Yo W i 1T S A 1, R
AV BB B AR SR FE AR BB O T 2 A 7 S5 A
6 B Xt B AR R RE R A 1. 0610 m® - kJ ™' FAT X
ABRERL N 7.91x10™° m® - kI #B A1k Bk A
JE BRI T2 6.5 %,
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